Assembly of very low density lipoprotein in the hepatocyte. Differential transport of apoproteins through the secretory pathway.
The transport of the apolipoprotein (apo) constituents of hepatic very low density lipoprotein (VLDL) through the secretory pathway was investigated with estrogen-induced chick hepatocytes in primary culture. Cell monolayers were pulse-labeled with [3H]leucine and, after differing periods of chase with unlabeled leucine, were subjected to subcellular fractionation for 3H-apoprotein analysis. The first-order rate constants for transit of apoB, apoA-I, and apoII through the endoplasmic reticulum (ER) and Golgi were estimated using a three-compartment (ER, Golgi, and extracellular medium) kinetic analysis. The results indicate that apoB resides in the ER (t1/2 = 26 min) for a shorter period of time than in the Golgi (t1/2 = 43 min). For apoII, the t1/2 for transport through the ER and Golgi are 43 and 49 min, respectively. ApoA-I transits the ER at a rate (t1/2 = 6 min) much faster than apoB, apoII, and virtually all other secretory proteins. Upon reaching the Golgi, the rate of movement of apoA-I is markedly reduced (t1/2 = 28 min). Thus, in contrast to current models of protein secretion, the rate-limiting step in the secretion of VLDL apoproteins from the cell is transport through the Golgi, not the ER. Examination of the steady-state distribution of the apoproteins in the ER and Golgi support this conclusion. To characterize the intracellular transport process further, the distribution of apoproteins between the lumenal contents of the ER and Golgi and the membranes which delineate these compartments was determined after steady-state labeling with [3H]leucine. Approximately 50% of the apoB in the ER and in a dense, early Golgi fraction was membrane-associated, whereas in a less dense or late Golgi compartment, only 20% was bound to membranes. ApoII was also associated with the membranes of the ER and Golgi to a significant extent. In contrast, apoA-I was primarily localized lumenally throughout the secretory pathway. The occurrence of membrane-associated apoproteins in the Golgi, coupled with their slow rate of transit through this compartment suggests a major role for the Golgi in the assembly of the constituents of VLDL, and suggests that interaction of apoproteins (apoB) with the membranes of the Golgi is required for the maturation of VLDL.